Faecal samples have become important non-invasive source of information in wildlife 25 biology and ecological research. Despite regular use of faeces, there is no universal protocol 26 available for faeces collection and storage to answer various questions in wildlife biology. 27 We collected 1408 faeces from ten different species using a dry sampling approach, and 28 achieved 94.87% and 86.02% success rate in mitochondrial and nuclear marker 29 amplifications. We also suggest a universal framework to use the same samples for different 30 use. This protocol provides an easy, quick and cheap option to collect non-invasive samples 31 from species living at different environmental conditions to answer multidisciplinary 32 questions in wildlife biology. 33 34 35 Keywords: Non-invasive wildlife research, species biology, dry sampling, variable habitat, 36 field logistics. 37 38 39 40 41 42 43 44 45 46 Non-invasive samples, in particular faeces have become a regular choice in wildlife biology, 47 population monitoring and ecological research globally. Advantages of faecal sample-based 48 wildlife research include easy sample collection, access to large sample size and spatio-49 temporal coverage. Historically, large scale use of faeces in wildlife biology started with 50 dietary analysis of animals 1 but the introduction of advanced molecular tools added a new 51 dimension to non-invasive research. These molecular tools have allowed biologists to 52 investigate questions regarding population genetics 2,3 , species distribution 4 , demography 5,6 , 53 evolutionary biology 7 and wildlife forensics 8 . In more recent time, faecal samples have been 54 used in addressing various questions related to wildlife physiology including endocrinology 55 and reproductive capacity 9,10 , along with parasitology 11,12 , disease dynamics 13 and 56 conservation genomics 14 . The sampling and storage demands of various questions in non-57 invasive wildlife research have led to a gradual development of faecal sampling and storage 58 protocols. A number of logistical factors including collector's safety, storage in the field, 59 shipping samples from remote field areas with different environmental conditions etc. have 60 been considered while gradual development of these protocols.
Introduction
In this study, our focus was to develop a faecal sampling protocol that could be used to 94 answer different ecological questions (DNA, diet, parasite, hormone etc.) for terrestrial 95 species. To test our protocol, we have collected samples from both herbivores (elephant, 96 swamp deer, chital, Himalayan tahr) and carnivores (tiger, leopard, dhole, red fox, jungle cat, 97 leopard cat), occupying various habitats ranging from sub alpine forest of lesser Himalayas, Collection and storage of faecal samples 104 We adopted a simple, cheap but effective field sampling protocol that involves cheap and 105 easily available materials. Instead of standard use of absolute ethanol, silica gel, RNAlater or 106 other similar approaches we collected faecal samples in butter paper (wax paper) and stored 107 them individually into sterile zip-lock bags. The samples were stored inside dry, dark boxes 108 in the field till they were transferred to the laboratory (within a maximum time of two months To check the DNA quality following this dry sampling approach, we tested two different 118 DNA extraction protocols in the laboratory. Both methods were initially tested with few 119 faecal samples collected from different habitat types before employed in large scale sample 120 processing. Our first approach was a slightly modified version of faecal swabbing protocol 121 described in Ball et al., (2007) 25 . This approach is advantageous over others as it retains most 122 of the host cells from top layer and reduces the inhibitors present inside the faecal samples.
123
Frozen faecal samples were thawed at room temperature and the upper layer was swabbed 124 with Phosphate buffer saline (PBS) saturated sterile cotton applicators (HiMedia). Each 125 sample was swabbed twice separately and were immediately stored in separate 2 ml 126 microcentrifuge tubes in -20° C freezers till further processing. During extraction, 30 µl of 127 Proteinase K (20mg/ml) and 300 µl of ATL buffer (Qiagen Inc.) were added into each tube 128 containing swab and incubated overnight at 56° C, followed by Qiagen DNAeasy tissue DNA 129 kit extraction protocol. DNA was eluted twice in 100 µl preheated 1X TE buffer. For every 130 set of 22 samples two extraction negatives were taken to monitor any possible 131 contaminations.
132
In the second approach, we scraped the top layer of faecal samples with sterile blade and 133 stored in 2 ml microcentrifuge tubes for further processing. DNA extractions were performed 134 using QIAamp DNA stool mini kit (QIAGEN Inc.) using protocol described in Mondol et al., In this study, we tested efficacy of the sampling and DNA 140 extraction protocols through molecular species identification (using mitochondrial DNA) and amplification of nuclear DNA (microsatellites) from faecal DNA samples collected in the 142 field during this study. 143 1) Species identification (using mitochondrial DNA) 144 We have adopted a number of approaches currently available for species identification from 145 faecal samples of different species. These methods involved both species-specific PCRs as 146 well as sequencing-based methods. The details of species specific approaches used for 147 species identification are provided in Table 2 . We did not perform molecular species 148 identification for elephants due to morphologically distinctive appearances of its dung in 149 field. Amplification of nuclear DNA from non-invasive samples is challenging due to poor quantity 152 and quality of DNA 27 . In this study we have also amplified nuclear microsatellite markers 153 from our field-collected faecal samples. We used a number of microsatellite markers to test 154 the quality of DNA from field-collected samples from different species (see Table 2 for 155 details). Species-wise cumulative amplification success rates for all tested loci were 156 calculated.
157

Results
158
We considered species identification and nuclear microsatellite amplification success rates 159 from both swabbing and scraping protocols as efficacy of our faecal sampling approach for 160 non-invasive wildlife genetic research. Initially we tested both approaches with 100 field-161 collected carnivore faecal samples (50 were swabbed and 50 were scraped) and achieved 162 100% success rates in species identification. As both approaches produced high success rates 163 from field-collected faeces we compared other factors such as consumable cost, easeness of 164 extraction protocol, time required etc. across both methods, and finally adopted the swabbing approach for the larger sample size. Subsequently, we swabbed the remaining 1308 faecal 166 samples of different carnivore and herbivore species (see Table 2 ) collected from different 167 habitats across India. Our overall success rate in species identification from all field-collected 168 faecal samples (n= 1408) was 94.87%. Species-wise success rate details are given in Table 3 . 169 Following species identification from field-collected faeces we targeted amplification of 170 multiple nuclear microsatellites for different species. A total of 821 of 1091 samples from 171 different species were successfully amplified for nuclear microsatellites, with a mean success 172 rate of 86.02% (see Table 3 for details).
173
Discussion
174
In this paper, we described a simple, fast and cost-effective faecal sampling approach for 175 non-invasive wildlife research and tested this method on 10 different species that are found in 176 a variety of different habitats. Development of field-suitable sampling and storage protocol is 177 a progressive research in noninvasive wildlife research as faeces degradation in the wild is protocol would work well in other species living in different habitats across the globe. This 190 approach is much cheaper than other available protocols (for example, silica gel, ethanol, 191 RNAlater etc.), takes less time in field and doesn't require specific training of field staff 192 while implementation. However, we strongly suggest appropriate safety protocols (mask, 193 gloves, protective gears etc.) during sample collection and processing for dry sampling 194 approaches as exposure to potential pathogens is possible from dry faeces. Another major advantage of this dry sampling approach is the ability to use the same samples 214 to generate additional information apart from DNA data at species/individual levels. We 215 propose a useful framework to showcase different use of the same samples in addressing 216 various important biological questions in wildlife biology (see Figure 1 for details). For 217 example, following swabbing/scraping for DNA, the frozen sample can be lyophilized to 218 separate faecal powder and remaining prey hairs/plant products 16 . Morphological analyses of 219 these hairs/plant materials can provide information on dietary preferences 32, 33 . Similarly, the 220 faecal powder could subsequently be used in understanding physiological parameters (stress 221 34,35 , reproductive fitness 9,10,36 , social dominance 37 and food preferences 16 . During field 222 sampling, a part of the faeces can be collected in formalin to study parasite abundance 11 . In 
